N atural killer cells are a major population of lymphocytes that are able to recognize and destroy infected and malignant cells. Despite intensive research, the mechanisms by which this recognition takes place are still poorly understood. However, in recent years it has become clear that an important aspect of NK recognition is the ability of NK cells to detect a reduction or loss of class I/peptide complexes at the surface of diseased cells (1) via a series of receptors that upon ligation with class I molecules deliver inhibitory signals. In the mouse these molecules belong to two families of C-type lectin molecules, the CD94/NKG2 family (2, 3) and the Ly49 family (4), both of which are encoded in the NK complex (5) . Considerable experimental evidence indicates that individual NK cells express a restricted but largely random selection of the available receptors (6), but the mechanism by which such a diverse repertoire is created is unknown (7) . Analysis of this process would be greatly facilitated if it were possible to study it in culture systems. We recently obtained evidence that during the clonal development of fetal NK cells in vitro individual Ly49 molecules were indeed expressed in a stochastic manner, but the frequency with which this occurred was too low to permit mechanistic analysis (8) . More recently, we have found that receptors for the nonclassical class I molecule Qa1 are also expressed in a stochastic manner on developing fetal NK cells, but at much higher frequency than Ly49 molecules, permitting the demonstration that their expression is controlled by specific cytokines (9) .
In contrast to the growing body of knowledge concerning inhibitory receptors on NK cells, the nature of the receptors that deliver activatory signals upon contact with diseased cells has remained controversial. One view has been that NK cells express specific receptors for target cell molecules. For example, there is convincing evidence that members of another C-type lectin family, the NKRP1 family, can deliver activating signals to NK cells (10, 11) . A second possibility, also supported by considerable experimental data, is that NK cells use more generic receptors for this purpose. For example, some NK cells express Fc receptors, principally CD16 (12) , but also CD32 (13) , that deliver activating signals following interaction with cell-bound Ig, or with as-yet-unknown structures expressed on some target cells (14) . NK cells can also receive activating signals via other molecules, such as CD2 (15) , CD28 (16) , CD40 ligand (17) , and LFA-1 (18) . Interestingly, during clonal development of fetal NK cells in vitro, several potentially activating or modulatory surface receptors that are expressed on subsets of NK cells in vivo, including members of the NKRP1, Ly6, and CD45 families, are expressed in a heterogeneous manner (8) .
Recently, subpopulations of T cells, designated NK-T cells, have been described that appear to utilize the same recognition modalities as NK cells, but which in addition possess an Ag-specific receptor (for a review, see Bendelac et al. (19) ). This receptor may be of either ␣␤ or ␥␦ type, and in some subpopulations of NK-T cells is of restricted diversity, one population of ␣␤ NK-T cells having a largely invariant V␣14-J␣281 ␣-chain paired with a V␤8, V␤7, or V␤2-containing ␤-chain that endows these cells with the ability to recognize common microbial lipids presented by CD1 molecules. The expression of CD94/NKG2 (20, 21) and Ly49 (22, 23) receptors on NK-T cells has been documented, but the extent to which these cells express and utilize the same activating receptors as NK cells is unknown.
Tumor cells provide a potentially useful means for studying the biochemistry and genetics of molecules that are expressed on small populations of cells that are difficult to grow in large quantities in vitro. With this in mind, we examined a range of tumor cell lines for the expression of molecules that have been implicated in NK cell recognition. We report here the unexpected findings that 1) both EL4 and RMA cells express a number of NK-related C-type lectin molecules, 2) that the expression of these and certain other surface molecules is subject to a high degree of variation, and 3) that EL4 and RMA cells have identical TCR␤ gene rearrangements and presumably therefore have a common origin.
Materials and Methods

Cell lines
RMA, RMA/S, and a TAP2-transfectant of RMA/S, mtp2, were obtained from Drs. R. Glas and K. Karre (Karolinska Institute, Stockholm, Sweden), who also provided the EL4 line used in most of the studies described in this paper. RBL5 cells were kindly provided by Dr. W. Green (Dartmouth Medical School, Hanover, NH). RMA/S lines transfected with D d and CD1 were kindly provided by Dr. D. Raulet (University of California, Berkeley, CA) and Dr. M. Kronenberg (University of California, Los Angeles, CA), respectively. These cells, and the B cell lymphoma A20, were cultured in DMEM (52100-039; Life Technologies, Paisley, U.K.) supplemented with 2ϫ nonessential amino acids, 5 ϫ 10 Ϫ5 M 2-ME, and 5% FBS (F-7524; Sigma, Poole, U.K.) in a 10% CO 2 atmosphere at 37 o . Cells were cloned by adding 100 l of medium containing 0.5 or 1 cell/ml to flat-bottom 96-well culture plates. Cell lines were regularly tested for mycoplasma as described previously (24) and found to be negative.
Aliquots of ϳ1 ϫ 10 6 EL4 cells were incubated for 24 h with various doses of 5-azacytidine (freshly prepared), trichostatin A (made up from a 10 mM stock in ethanol stored at Ϫ20 o ), or, as control, 5-azaguanine (made up by dissolving at 4 mM in 0.5 M NaOH, then diluting to 1 mM in PBS, and storing at 4 o ). The cells were then washed and returned to culture for 5-7 days before staining. All chemicals were purchased from Sigma.
Abs and staining
The main Abs used in this study were as follows: KT3 anti-CD3⑀ (25) , YTS 191 anti-CD4 (26), 2.4G2 anti-CD16/32 (27) , Pgp1 anti-CD44 (28), A1 anti-Ly49A (29), 5E6 anti-Ly49C (30), 4D11 anti-Ly49G (31), PK136 anti-NK1.1 (32) , and 10A7 anti-10A7 (33), all kindly provided by the original investigators, with the exception of 2.4G2 which was obtained from the American Type Culture Collection (Manassas, VA 
Preparation of DNA
A total of 1-2 ϫ 10 7 cells were incubated in 500 l of 10 mM Tris/1 mM EDTA buffer (pH 7.4) containing 2 mg/ml proteinase K and 1% SDS for 4-16 h at 37 o with gentle shaking. DNA was then phenol/chloroform extracted, precipitated with ethanol, washed in 75% ethanol, dissolved in Tris/EDTA buffer at pH 8.0, and treated with RNase A at 100 g/ml for 30 min at 37 o . Analysis of rearrangements at the TCR␤ locus was performed essentially as described by van Meerwijk et al. (34) using the primers shown in Table I .
RT-PCR analysis
RNA was prepared using RNAzol B (Biogenesis, Poole, U.K.) at the rate of 1 ml per 10 7 cells according to the manufacturer's instructions. cDNA was prepared from ϳ1 g of RNA using an oligo(dT) primer and a Promega (Madison, WI) Reverse Transcription kit. Aliquots (1 l) of cDNA solution were added to 49 l of PCR mixture containing 200 M dNTPs, 1-2 mM Mg 2ϩ , 0.75 U Taq polymerase, and 1 M forward and reverse primers. The Ly49 and CD3 primers have been described previously (38) ; most of the other primers used, together with their annealing temperature (T m ), are shown in Table I . The specificity of the Ly49 primers has been confirmed by sequencing (38) . The specificity of the other primers is based on 1) the work of others (see references in Table I ), 2) the presence of a single product band of the correct molecular size on gels, and 3) PCR product being detected only in cells that expressed the relevant molecule at the cell surface. To establish which V␤ region was present in the TCR in EL4 cells, we used the set of primers described by Casanova et al. (37) , kindly provided by Dr. A. Mellor (Clinical Sciences Centre, London, U.K.) and Dr. A.G. Diamond (University of Newcastle, Newcastle, U.K.). For sequencing, additional V␤12 and C␤ primers bearing M13 tags were constructed (Table I) . Generally, 35 cycles were run at 95°C for 1 min, T m for 1 min, 72°C for 30 s, with a final extension time of 10 min. Aliquots of the reaction were examined on agarose gels containing ethidium bromide.
Results
EL4 and RMA display unusual patterns of expression of NKrelated and certain other molecules
In a search for cells that express NK-related molecules, we examined a panel of tumor cell lines available in our laboratory. Of the lines initially examined, only two, EL4 and RMA, expressed molecules encoded in the NK complex. Surprisingly, in both cases the expression of NK-related molecules was found to be highly variable. Thus, despite the fact that EL4 has previously been reported to express Ly49A (23, 29, 39) , one line of EL4, EL4(S), that had been maintained in our laboratory for many years, showed no detectable expression of Ly49A, whereas another line of EL4, obtained from Dr. K. Karre and used in all of the studies described below, did express Ly49A, but only on a proportion of the cells ( Fig. 1 ). Neither EL4 line showed any detectable surface expression of Ly49C, -I, or -G. By contrast, the RMA line stained strongly and uniformly for Ly49A, was negative for Ly49C and -I, but expressed Ly49G in a heterogeneous manner ( Fig. 1 ). Expression of Ly49 molecules was confirmed and extended by RT-PCR analysis: EL4 was found to express mRNA for Ly49B as well as Ly49A, but lacked mRNA for Ly49C, -D, -E, -G1, -G2, -G3, and -H; RMA expressed mRNA for Ly49A, -B, -G1, -G2, and -G3, but not for Ly49C, -D, -E, or -H (data not shown). The EL4 and RMA lines also showed significant but low staining with the PK136 anti-NK1.1 mAb that recognizes NKRP1C in C57 strains (40) , and expressed at least one other member of the NKRP1 family as shown by staining with the 10A7 mAb which recognizes NKRP1A and B (V. Kumar, personal communication). However, for both cells the molecule(s) detected by 10A7 were expressed in a heterogeneous manner. RMA and EL4 also stained heterogeneously with the 2.4G2 mAb that recognizes CD16 (Fc␥RIII) and CD32 (Fc␥RII). PCR analysis, performed as described by Koyasu (35), revealed that it was CD32 and not CD16 that was expressed by EL4 and RMA cells (data not shown), in agreement with previous reports concerning EL4 (41, 42) .
A number of other molecules were also found to be expressed heterogeneously on one or both of these tumor cell lines, including CD2, CD3, CD4, and CD44 ( Fig. 1) . Most molecules examined, however, were consistently expressed in a uniform manner on both the parent EL4 and RMA lines and on all sublines and clones examined; for example, Thy-1, CD5, CD45, K b , and D b being expressed on all cells, and 2B4, CD8, CD25, and various CD45R isoforms being absent from all cells. Furthermore, the phenomenon of variable Ag expression appeared to be largely confined to EL4 and RMA, as staining of several other tumor cell lines (including YAC-1, R1.1, SL8, LBRM, L1210, P815, A20, C1498, and J774) with a large panel of Abs showed, with very few exceptions, entirely uniform patterns of expression or nonexpression (data not shown).
Clonal analysis reveals that many of the surface molecules that are expressed in a mosaic manner on EL4 and RMA are continuously switching
The heterogeneity in expression of surface molecules on EL4 and RMA could have a number of trivial explanations, including spontaneous mutation during the many years of growth in vitro and in vivo, contamination with other cell lines, or cell cycle-related expression. To investigate these possibilities, the lines were cloned and the clones examined at an early stage of development (10 -20 days after cloning) for expression of variable molecules. In a typical experiment in which EL4 was cloned at 0.05 cell/well, where the probability of clones having arisen from a single progenitor was Ͼ98% (as judged from Poisson analysis of the frequency of wells having colonies), 15/30 clones were found to be uniformly positive for CD32, 13/30 were uniformly negative, and 2/30 showed heterogeneous staining. When the same clones were stained for Ly49A, 3 were found to be uniformly positive, 1 was uniformly negative, and 26 were heterogeneous. Examples of the staining patterns are shown in Fig. 2 . When heterogeneous clones were recloned, heterogeneous Ag expression was again seen on many of the granddaughter clones.
Because all of the clones grew at a similar rapid rate, the finding of clones that expressed CD32 or Ly49A in either a uniformly positive or uniformly negative manner ruled out the possibility that heterogeneous expression of these molecules was due to their being expressed only at certain stages of the cell cycle. Likewise, the finding of clones that showed heterogeneous expression of CD32 or Ly49A eliminated the possibility that the heterogeneity of the parent lines was due to classical mutagenic processes or to contamination with other cell lines. Similar results and conclusions regarding each of the molecules that showed variable expression on parental EL4 and RMA lines were reached following further cloning experiments. It therefore appears that the expression of these molecules in EL4 and RMA cells is controlled by a stochastic epigenetic process. As judged from the proportions of young clones that showed heterogeneous expression, three molecules displayed a particularly high rate of switching, namely Ly49A, Ly49G, and 10A7. For each of the variable molecules, switching appeared to be an all-or-none phenomenon as even in the youngest heterogeneous clones the level of expression of the variable molecule on positive cells was similar to that seen in the parent line (see for example Fig. 2) .
Over a period of time the proportions of cells expressing particular surface molecules fluctuated considerably, and clones that were uniformly positive or negative for a given Ag often became heterogeneous. Examples of two clones that were followed for Ͼ1 year are shown in Fig. 3 . The finding that clones that initially appeared to be uniformly negative or positive for a given Ag often became heterogeneous for the expression of that Ag, as illustrated for 10A7 in clone 1 and for CD2, CD3, and Ly49A in clone 3D, raised the possibility that clones that appeared to be uniformly negative or positive for a particular Ag were in fact heterogeneous at a level below the sensitivity of detection (about 1%). That this was indeed the case was confirmed in several cases by showing that Ag-positive cells could be obtained from apparently negative populations by positive selection with magnetic beads (data not shown).
Variable Ags are generally expressed independently
That at least some of the Ags displaying variable expression on EL4 and RMA cells can vary independently from each other is shown by the data in Fig. 3 in which Ly49A, 10A7, CD32, and CD44 showed heterogeneous expression on clone 1, whereas CD2 and CD3 were expressed uniformly. By contrast, in clone 3D, CD32 and CD44 were expressed uniformly, whereas CD2 and CD3 were expressed heterogeneously. On the other hand, some of the data in Fig. 3 suggest the possibility of linked variation, such as between Ly49A and CD44 in clone 1 and among Ly49A, CD2, and CD3 in clone 3D. To address this issue more directly, cloned populations of EL4 and RMA cells were examined by two-color immunofluorescence. Fig. 4 shows some examples of the results obtained. The most common finding, illustrated by the expression of CD44 and CD32 on EL4 clone 1A, and of CD4 and 10A7 on RMA clone D3, was that the expression of two variable Ags was completely unlinked, the frequency of double positive and double negative cells being close to that expected for random assortment (Table II) . In some cases, illustrated by the expression of CD2 and Ly49A on EL4 clone 3E, a partial but significant ( p ϭ 2.7 ϫ 10 Ϫ4 ) inverse correlation was found between the expression of two variable molecules. Because this inverse correlation was only partial (a significant proportion of double positive cells being present), and was not consistently observed for the expression of these Ags in other clones, it most likely arose either as a consequence of the dominant growth of subclones of cells within the clonal population or as a reflection of a random switching event that occurred at a formative stage in the development of the clone. A similar partial correlation was found between the expression of Ly49G and 10A7 on RMA clone D3 (Fig. 4) ; this partial coordinate expression of 10A7 and Ly49G was also seen on each of several randomly chosen subclones of D3 (data not shown). However, by far the most striking case of linked expression, was that between CD2 and CD3: among the dozens of clones examined in this study we found (Fig. 4 , Table II ).
Expression of variable molecules is controlled at the RNA level
As noted above, surface expression of Ly49 molecules on parental EL4 and RMA lines correlated with the presence of the corresponding mRNA. As shown in Fig. 5 , this was also true for other molecules expressed in a variable manner. Interestingly, clones that lacked expression of CD3 contained mRNA for CD3␥, CD3␦, and CD3⑀, but were deficient in expression of mRNA for CD3.
The expression of variable Ags can be increased by drugs that affect DNA methylation and histone acetylation
In many systems gene expression has been found to be linked to the demethylation of critical cytidine residues (43) (44) (45) and to the acetylation of nucleosomal histones in gene regulatory regions (46, 47) . In at least some cases, these two events seem to be linked (48) . To determine whether these processes might be involved in the mosaic expression of surface molecules on EL4 cells, we examined whether transient exposure of cloned EL4 cells to 5-azacytidine, an inhibitor of DNA methylation, and/or trichostatin A, an inhibitor of histone deacetylase, would affect the expression of variable Ags. Cells were pretreated for 24 h with drugs, then washed and cultured for a further 4 -7 days in drug-free medium before analysis. Some clones showed no change in expression of any of the Ags examined. However, several clones showed a dramatic increase in the proportion of cells expressing 10A7 or CD32 when treated for 24 h with 10 -50 M 5-azacytidine. Trichostatin A had no effect on Ag expression when used alone. However, when combined with low doses (1-10 M) of 5-azacytidine, synergistic effects were often observed. A typical result involving the induction of 10A7 is shown in Fig. 6 . 
EL4 and RMA cell lines have a common origin
The finding that EL4 and RMA shared not only an unusual NK1.1 ϩ , 10A7 ϩ , Ly49 ϩ , CD3 ϩ , CD32 ϩ phenotype, but also the unusual property of mosaic expression of these and other surface molecules, led us to consider the possibility that EL4 and RMA might be directly related. Using a PCR-based method we found that both tumor lines had similar rearrangements at their TCR␤ gene loci. Thus, at the J␤1 locus they both possessed a partial D␤1-J␤1.5 rearrangement and lacked a germline D␤1-J␤1 band (Fig. 7A) , whereas at the J␤2 locus they both lacked partial D␤1-J␤2 (data not shown) and D␤2-J␤2 rearrangements (Fig. 7B) and displayed a germline D␤2-J␤2 band (Fig. 7B) . Sequencing of the D␤1-J␤1.5 partial rearrangement showed it to be identical in both EL4 and RMA, having the junctional sequence D␤1(gggacaggggg)-N(gca)-J␤1.5(taacaacca. . . . ). These results agree with an earlier study that demonstrated that EL4 possessed a partial D␤1-J␤1 rearrangement and expressed a full-length C␤2-containing mRNA transcript (49) .
RT-PCR analysis revealed that both EL4 and RMA expressed V␤12-containing transcripts (Fig. 7C) but not transcripts for eight other V␤ regions that were examined using the primer set described by Casanova et al. (37) . Sequencing of the V␤12 PCR products from both lines revealed identical junctional sequences, i. To exclude the possibility that the RMA line had been mixed up with EL4 in our laboratory, we examined several RMA-related lines that were distinguishable from EL4: 1) the RMA/S line derived by Karre under normal culture condtions, expression of the C57 isoform of ␤ 2 -microglobulin, extremely high expression of CD1 (at least 10-fold higher than on any other cell line in our laboratory), and resistance to G418. RT-PCR performed on RNA extracted from these lines, but not on RNA extracted in parallel from unrelated tumor cell lines, revealed a V␤12 product. In each case its sequence was identical to the EL4 V␤12 sequence. In addition, we found that a line of RBL5 that we obtained, RBL5 being the parent line from which both RMA and RMA/S were derived (51), also expressed a V␤12 transcript with the same junctional sequence as that found in EL4. Finally, following communication of our findings to another group, they were able to establish that their lines of EL4 and RMA expressed full-length rearranged V␣10-containing transcripts of identical sequence, and that their line of RBL5 possessed both V␤12 and V␣10 transcripts (T. van Hall, M. Kraakman, C. Melief, F. Ossendorp, and R. Offringa, manuscript in preparation).
Discussion
The studies described above have revealed that EL4 and RMA tumor cell lines 1) express several members of the Ly49 and NKRP1 families of C-type lectin molecules, 2) frequently express these and certain other cell surface molecules in a mosaic manner, and 3) have a common origin. In the discussion that follows we shall consider EL4 and RMA collectively as EL4 lines.
That EL4 expresses the prototypic member of the Ly49 family, Ly49A, has been known for some time (29, 39) . What had not been generally appreciated is that EL4 expresses at least two other members of Ly49 family, Ly49G (confirming another recent report (23)), and Ly49B (at least at the RNA level), and that the expression of Ly49A and Ly49G varies considerably both between and within sublines. The latter observation, coupled with the finding of freshly derived clones showing mosaic expression of these molecules, demonstrates that the genes encoding Ly49A and -G molecules exist in a heritable metastable state, switching on and off in a frequent and apparently random manner. By contrast, we did not detect expression of Ly49C, -D, -E, -F, -H, or -I in EL4 cells. However, EL4 did express certain other NK-related molecules. In particular, expression of NK1.1 (NKRP1C) was found, albeit at a low level, together with expression of the NKRP1 molecules recognized by the mAb 10A7, which are known to include NKRP1A and NKRP1B (V. Kumar, personal communication). The 10A7-defined molecule(s) were almost always expressed in a mosaic manner, even on newly derived clones, and by this criterion were the most variable of all of the molecules we investigated.
Several other molecules, namely CD2, CD3, CD4, CD32, and CD44, were also found to vary on EL4 cells, although, as judged from the frequency of clones that displayed mosaic expression, the rate of switching was much lower than for Ly49A, Ly49G, and 10A7. In every case, expression was controlled at the mRNA level, and apparently independently for each molecule. The striking exception was the strong and consistent linkage of CD3 expression to that of CD2. Because expression of the entire CD3-TCR complex appeared to be controlled by expression of CD3, this finding suggests that, at least in EL4 cells, transcription of the CD3 gene rarely occurs in the absence of transcription of the CD2 gene. Linkage between these gene products has previously been reported at the functional level, signaling through CD2 being dependent on the expression of CD3 (55, 56) . Lack of expression of CD3 would also be expected to prevent signaling via GPI-linked surface molecules such as Thy-1 and Ly6 (57) and the recently described NK activating molecule p46 (58) . In addition, silencing of the CD3 genetic region may block expression of the transcription factor Oct1 that is encoded on the opposite DNA strand to CD3 (59), leading to an absence of all those proteins whose expression is dependent on this factor.
At present we have little information on the nature of the regulatory events responsible for the mosaic expression of certain molecules in EL4 cells. One possibility would be that it is caused by the limiting availability of key transcription factors. However, in view of the independent variation of expression of several different molecules, this would require a large number of relatively gene-specific transcription factors to be close to threshold levels. An alternative possibility would be that the binding of readily available transcription factors was affected by changes in local chromatin structure or histone modification. In support of this, our studies showed that the expression of some of the variable Ags could be altered by drugs that affect the methylation levels of DNA or the acetylation levels of histones, in line with a previous report that 5-azacytidine treatment of a Thy-1 Ϫ variant of EL4 restored expression of Thy-1, and that this was associated with demethylation of the Thy-1 gene promoter (60) . Indeed, the mosaic expression of surface molecules on EL4 cells bears a striking resemblance to position effect variegation in which genes located close to the borders of euchromatin and heterochromatin are switched on and off by saltatory shifts in the positions of these borders, perhaps triggered by changes in methylation (61) . Increased methylation of genes in cultured cells could lead to the development of a functionally hemizygous state (62) or even the complete loss of expression of nonessential proteins (63, 64) . However, we suspect that at least some of the phenotypic variability we have observed in EL4 lines is of a nontrivial nature in that 1) in contrast to the occasional and largely irreversible loss of gene expression that occurs through epigenetic mutation in long-lived cell lines, the changes in gene expression in EL4 are much more frequent and occur in both directions, 2) many, perhaps all, of the molecules that show variable expression on EL4 cells are expressed in a heterogeneous manner on NK and NK-T (see below) cell populations in vivo, and 3) freshly established lines of fetal mouse NK cells derived from single progenitor cells show mosaic expression of several of these same molecules, most importantly those encoded in the NK complex, including the NKRP1 molecules recognized by the mAb 10A7 (8), Ly49 molecules (8) , and Qa1 receptors (9) . It is interesting to note that in EL4 lines, there is clear evidence of both coordinated and independent regulation of molecules encoded within the NK complex. Thus, whereas EL4 cells can express Ly49 molecules, they frequently express Ly49A in the absence of Ly49G, and never express Ly49C or -I. Similarly, although the NKRP1-encoded molecules recognized by 10A7 tend to be expressed on cells that also express Ly49G, the linkage is only partial, and the expression of these NKRP1 molecules is unlinked to those recognized by the PK136 anti-NK1.1 mAb. Analysis of the factors controlling the expression of these molecules in EL4 cells may therefore provide insights into the mechanism responsible for the stochastic expression of these molecules in vivo.
Although EL4 lacks the canonical V␣14-J␣281 chain (M. Unnikrishnan, unpublished observations) that is expressed by a large proportion of NK-T cells (65) , and expresses a V␤12-containing rather than a V␤8-, V␤7-, or V␤2-containing receptor (66) , the findings reported here suggest that EL4 may be a transformed NK-T cell line. First, not only do NK-T cells and EL4 cells express Ly49 and NKRP1 molecules, but they both do so in an apparently stochastic manner. The heterogeneous expression of Ly49 molecules on NK-T cells in vivo has been well documented (23, 67) . With regard to NKRP1 molecules, Chen et al. (68) have reported that NK1.1 was frequently lost upon activation of splenic NK-T cells in vitro. Furthermore, two recent studies have provided compelling evidence for the existence of populations of NK-T cells in vivo that lack NK1.1 (69, 70) , and when human NK-T cells were cloned by Davodeau et al. (71) , four of five clones showed heterogeneous expression of NKRP1A. Second, like NK-T cells in vivo, EL4 exists in alternate forms that are either CD4
Ϫ . Although the relationship between the CD4 ϩ and CD4
Ϫ subsets of NK-T cells in vivo is unclear, Chen et al. (68) found that the expression of CD4 on CD4 ϩ splenic NK-T cells is unstable, being lost from some but not all cells following activation in vitro. Third, like NK-T cells (72, 73) , EL4 secretes IL4 upon stimulation (74) .
The most unexpected finding in our study was that the EL4 and RMA lines that we investigated, which included the RMA and RMA/S lines from the originating laboratory, shared 1) the same V␤ gene rearrangements on both chromosomes, 2) expressed V␤12 containing receptors on the surface, and 3) contained inframe V␤12 RNA transcripts of identical sequence. This sequence was in turn identical to that previously reported for TCR␤ transcripts in the TIB39 subline of EL4 obtained from the American Type Culture Collection (50) . The finding that RMA and RMA/S are almost certainly variants of EL4 does not affect the validity of any of the important findings relating to Ag processing and NK recognition that have been made using these lines. Indeed, it may lead to important insights and rationalization of existing data. For example, the striking resistance of EL4 and RMA to lysis by activated NK cells, and their apparent sharing of a novel protective class I molecule (9) , is now revealed not to be a coincidence. However, our finding of extensive epigenetic instability in the expression of various molecules in EL4/RMA lines provides a strong and salutory warning against the assumption that variant lines of these cells, e.g., RMA and RMA/S, are identical in all respects other than those controlled by the mutated or transfected genes. At the same time, our results have provided rigorous confirmation that RMA, RMA/S, and various transfectant lines derived from them are indeed all variants of the same line, albeit EL4. In addition, we have established that the EL4 V␤12 sequence is expressed in three widely used variants of EL4 namely the "Salk" variant, EL4(S), which displays different retroviral Ags to those found on other EL4 lines (75), a ␤ 2 -microglobulin mutant of EL4, C4.4 (76) , and its ␤ 2 -microglobulin transfected revertant, E50 (76) , confirming that these are indeed of EL4 origin.
Our finding that a line of the RBL5 tumor, from which both RMA and RMA/S were derived (51), also expresses the EL4 V␤ transcript, strongly suggests that RBL5 had inadvertently been contaminated with EL4 cells before its distribution to the Karolinska Institute. Remarkably, during the preparation of this paper, we found that two other tumor cell lines in our laboratory express the canonical EL4 V␤12 transcript. One is a line of the E&K1 tumor (77) , and the other a line of MBL2, a tumor that has previously been reported to express Ly49 molecules (39) , and which was derived at the same time and in the same laboratory as RBL5 (78) . (A third line, E( G2 (81), was found to express a V␤12-containing receptor but this was associated with a V␤12-J␤2.1 transcript that had a distinct junctional sequence from that found in EL4 lines.) Although these results require confirmation in other laboratories, it is clear that contamination of cell lines with EL4 has been a widespread but previously undocumented occurrence, with profound implications for the validity of a wide range of studies, especially those on tumor specific Ags. We suggest that all C57 T cell tumor lines, especially those reported to express Ly49 molecules such as TIMI4 (79) and C6VL-B (29), be suspected of being EL4 until proven otherwise. 
